A benzodiazepine (midazolam), injected either systemically or directly into the basolateral amygdala (BLA), differentially affected the acquisition of fear responses to a shocked context: Administration of the drug before conditioning impaired subsequent freezing to the context but spared analgesic responses in rats tested there for sensitivity to formalin pain. Moreover, the pain test not only revealed evidence for analgesic responses but also served to reinstate conditioned freezing that was otherwise absent in rats conditioned under midazolam. The results were interpreted as showing that the presence of noxious stimulation on test serves either (a) to assist in retrieval of the context-shock association whose storage had been modified by midazolam's action in the BLA, or (b) to enable performance of the context-shock association whose affective properties had been blocked by midazolam's action in the BLA.
In addition to their sedative-hypnotic and anxiolytic effects, benzodiazepines are known for their capacity to impair new learning, an effect well documented in both human and animal studies (e.g., Rothschild, 1992; Thirbot, 1985; Venault et al., 1986) . Like their other effects, the amnestic effects of benzodiazepines are mediated by the inhibitory neurotransmitter "y-amino butyric acid (GABA) acting at the GABAA receptor complex (Dickinson-Anson, Mesches, Coleman, & McGaugh, 1993; Stackman & Walsh, 1992; Tohyama, Nabeshima, Ichihara, & Kameyama, 1991) . The link with GABA is also evident from demonstrations that benzodiazepine inverse agonists (13-carbolines), which function as GABA-antagonists at the GABAA receptor complex (Haefely, 1990) , can facilitate learning (Cole & Hillman, 1994; Venault et al., 1986) .
Studies investigating the neural basis of benzodiazepineinduced amnesia point to the basolateral amygdala (BLA) as the site where these drugs act to disrupt learning. Firstly, the benzodiazepine midazolam has been shown to interfere with learning of a passive avoidance task when microinjected directly into the BLA . Further, systemic injection of another benzodiazepine, diazepam, was reported to impair inhibitory avoidance learning in normal rats but not in rats whose BLA had been destroyed (Tomaz, Dickinson-Anson, & McGaugh, 1991 . Finally, the deficit in avoidance learning Justin A. Harris and R. Frederick Westbrook, School of Psychology, University of New South Wales, Sydney, Australia.
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There are a large number of studies showing that the BLA plays a critical role in fear processes in general and is a primary site for the anxiolytic actions of benzodiazepines (see Davis, 1992; LeDoux, 1992 LeDoux, , 1995 Maren & Fanselow, 1996 , for reviews). Therefore, evidence that the BLA also underlies the amnestic effects of benzodiazepines suggests that the anxiolytic and amnestic effects of these drugs are directly linked. This possibility is further suggested by the fact that many of the studies in which benzodiazepines have been shown to produce learning deficits have involved some form of aversive conditioning, such as training rats to escape or avoid a noxious event. Even in those studies that have used appetitive conditioning paradigms, such as training hungry or thirsty animals to respond in order to gain access to food or water, benzodiazepine effects on learning may be secondary to their motivational effects. For instance, benzodiazepines may interfere with acquisition of an instrumental response by reducing the frustrative effects of nonreinforcement due to errors in responding (Flaherty, 1990; Gray, 1977 Gray, , 1982 .
If the amnestic and anxiolytic effects of benzodiazepines are directly linked, then benzodiazepines should have consistent effects on both the acquisition and expression of conditioned fear responses. In other words, benzodiazepines should only interfere with the acquisition of a conditioned fear response if they also reduce the expression of that response. In previous studies, we have obtained partial evidence to support this claim. In those studies, we investigated the effects of midazolam on the acquisition and expression of passive avoidance and analgesic responses in rats. Consistent with the above prediction, systemic injection of midazolam reduced both the acquisition and expression of step-down avoidance (Harris & Westbrook, 1995; Westbrook, Greeley, Nabke, & Swinbourne, 1991) . However, the effects of midazolam on acquisition and expression of conditioned analgesia varied depending on the test used to assay pain sensitivity. Specifically, midazolam reduced both the acquisition and expression of conditioned analgesia when the hot-plate test was used, but the drug reduced only the expression and not the acquisition of conditioned analgesia when rats were tested using the formalin test (Harris, McGregor, & Westbrook, 1993; Harris & Westbrook, 1994 Westbrook et al., 1991) . The differential effect of midazolam on acquisition occurred despite the fact that the conditioning episode itself was identical in each case. Because midazolam did not disrupt the acquisition of conditioned analgesia when rats were tested with formalin, we concluded that benzodiazepines do not prevent fear conditioning as such. Rather, to explain the reinstatement of conditioned fear seen in rats tested with formalin, we proposed that benzodiazepines affect learning by producing a retrieval or performance deficit. According to this proposal, fear acquired under a benzodiazepine can only be accessed later if the animal is tested in the presence of ongoing noxious stimulation, such as that produced by formalin (Harris & Westbrook, 1996) . Thus, a benzodiazepine-induced disruption of acquisition is only apparent where there is no noxious stimulus present leading up to the test session, such as in the step-down avoidance and hot-plate tests. However, this proposal is based on conclusions extrapolated across experiments that used very different measures of fear. Thus, it remains possible that the difference in effect of midazolam between rats tested with formalin versus rats tested with the hot-plate or step-down tests reflects differences in the response being measured, not differences in the levels of fear. To establish that testing with formalin reinstates fear in rats conditioned under midazolam, it would be necessary to use a single response to index fear. This was the specific aim of the present experiments.
The present experiments investigated whether the effects of midazolam on acquisition of conditioned fear can be reversed by the presence of formalin-induced pain during test. For these experiments, a shock-freezing paradigm was used. Rats were placed into a distinctive chamber and given a single 1-mA, 1-s shock through a grid floor. Twenty-four hours later, they were placed back in that chamber and scored for the percent of time they spent freezing, a species specific defensive response to danger (Blanchard & Blanchard, 1972; Fanselow, 1986 Fanselow, , 1990 . This paradigm was adopted because formalin-induced pain neither evokes freezing (Abbott, Franklin, & Westbrook, 1995) nor disrupts the freezing response elicited by a signal for shock (Fanselow & Helmstetter, 1988) . Therefore, we were able to use a single response (freezing) to index fear in all rats independently of whether they were tested with or without formalin. The initial experiments sought to confirm that midazolam does disrupt acquisition of freezing and analgesic responses in rats conditioned with shock, and subsequent experiments investigated whether this disruption of conditioning is reversed by formalin-induced pain on test.
Experiment 1
Experiment 1 investigated whether the acquisition of conditioned freezing is affected by a systemic injection of midazolam in rats tested without formalin. The experiment also sought to determine whether any such effect of midazolam might vary as a function of the dose of drug administered. Thus, four groups of rats (n = 6 per group) were tested. Twenty minutes before conditioning with shock, each rat received an intraperitoneal injection: Three groups were injected with midazolam at one of three doses (0.626, 1.25, or 2.5 mg/kg), whereas the fourth group received a control injection of saline. The following day, all rats were tested for freezing in the shock chamber.
Method
Subjects. The subjects were experimentally naive, male Wistar rats (300-380 g) obtained from the colony of Specific Pathogen Free rats maintained by the Combined Universities Laboratory Animal Service, at Little Bay, Sydney, Australia. Throughout the course of the experiment, rats were housed in groups of 8 in plastic boxes (67 × 40 x 22 cm: depth x width x height) kept in a colony room maintained on a natural light~zlark cycle. Food and water were made continuously available.
Apparatus. Rats were conditioned and tested in experimental chambers (24 X 24 X 19 cm: depth X width X height, Coulbourn Instruments, Allentown, Pennsylvania). The front and rear walls of these chambers, as well as the hinged lid, were constructed of clear plastic (5 mm thick), and the end walls were made of stainless steel (1 mm thick). The floor consisted of stainless steel rods, 1 cm in diameter, spaced 2.25 cm apart (center to center). Scrambled shock from a constant current generator (Grason-Stadler, West Concord, Massachusetts) was delivered to the floor of each chamber. A mirror, positioned at a 45 ° angle, was mounted directly under each chamber to permit a clear view of the rat from beneath.
Drugs. Midazolam (Hypnovel) was diluted with sterile isotonic (0.9% w/v) saline and given as an intraperitoneal injection in a volume of 1.0 ml/kg.
Procedure. Rats were handled for at least 3 days prior to the start of each experiment. All rats were assigned to weight-matched groups. On 2 consecutive days, the rats were familiarized with the general procedure. Thus, they were transported to the laboratory and placed alone in the shock chambers for 3 min. On these occasions, no shocks were given or drugs administered. Between each rat, the chamber was wiped clean with a solution of 0.5% acetic acid to remove any odors. On Day 3, rats were transported to the laboratory and injected with either saline or midazolam at a dose of 0.625, 1.25, or 2.5 mg/kg. Twenty minutes later, each rat was placed into the shock chamber and given a single 1-mA, 1-s shock after 2 min. The rats were left in the chamber for a further l min. The following day, rats were brought to the laboratory and placed directly into the shock chamber for 2 min, during which time they were scored for freezing. Freezing was scored as the absence of all movements, except those related to breathing (Fanselow, 1980) . The behavior of each rat was recorded on videotape, and freezing was rated with a time-sampling procedure in which each rat was observed once every 3 s. A percentage score was calculated for the proportion of the total observation period. The test sessions were rated by two observers, one of whom was naive to the rats' group designations. There was a high degree of agreement between the two observers: the Pearson productmoment correlations between their ratings in each experiment were above 0.95.
Statistical analyses.
Unless otherwise stated, the data were analyzed with planned orthogonal contrasts (Hays, 1972) , with the decision-wise error rate (c0 set at .05.
Results and Discussion
The mean percent of time rats in Experiment l spent freezing during the 2-min test is presented in Figure 1 . Rats injected with saline before conditioning showed significantly more freezing than the three groups of rats injected with midazolam, F(1, 20) = 28.60, p < .01. Rats injected with the low dose of midazolam (0.625 mg/kg) showed more freezing than the two groups of rats given the higher doses, although this difference just failed to reach statistical significance, F(1, 20) = 4.14, p = .055. There was no reliable difference between rats given 1.25 mg/kg and rats given 2.5 mg/kg of midazolam, Fs(1, 20) < 1. Thus, intraperitoneal injection of midazolam before conditioning with shock reduces the acquisition of conditioned freezing.
Experiment 2
Experiment 1 confirmed that systemic injection of midazolam shortly before conditioning with shock significantly interferes with the acquisition of conditioned fear (indexed as freezing) to the shock chamber. The present experiment examined whether midazolam also interferes with the acquisition of conditioned analgesia indexed using the formalin pain test. Three groups of rats (n = 8) were used: Two groups were injected with midazolam or saline before being conditioned with shock, the third group was injected with saline and exposed to the conditioning chamber but not shocked. The following day, all rats were tested for formalininduced pain responding in the chamber. These rats were also scored for conditioned freezing because this response is not disrupted by the formalin test (Fanselow & Helmstetter, 1988) .
Method
Subjects and materials. Twenty-four male albino Wistar rats were used. The rats were obtained from the same source and 40 20 housed in the same manner as rats in Experiment 1. Rats were conditioned and tested in the same experimental chambers as used in Experiment 1. A solution of 1.5% formalin (equalling approximately 0.6% formaldehyde) diluted with saline was used in the formalin pain test. Midazolam was diluted with isotonic saline to a concentration of 1.25 mg/ml.
Procedure. Rats were handled and familiarized with the experimental chambers as in Experiment 1. On Day 3, rats were transported to the laboratory and injected intraperitoneally with either midazolam (Group shocked midazolam) or saline (Groups not shocked and shocked saline). Twenty minutes later, rats in the two shocked groups were placed into the shock chamber and given a single shock as in Experiment 1, whereas not shocked rats were placed into the chamber for 3 min but no shock was delivered. The following day, on arrival in the laboratory, all rats were wrapped in a towel and injected subcutaneously with 50 pl of a 1.5% formalin solution into the plantar surface of the fight hind paw. Thirty minutes later, at which time the level of pain induced by the formalin was relatively stable (Abbott et al., 1995) , rats were placed into the shock chamber for 2 min and scored for pain responding to the injected paw and for freezing. Pain responding was defined as either lifting (holding the injected paw off the floor while bearing weight on the other paws) or licking-biting the injected paw (Abbott et al., 1995) . These rats were also scored for freezing, as in Experiment 1.
Results and Discussion
The mean percentage of time rats in Experiment 2 spent pain responding and freezing on test is presented in the upper and lower panels of Figure 2 , respectively. The two groups of shocked rats spent significantly less time pain responding than not shocked rats, F(1, 21) = 4.57, p < .05, confirming the presence of conditioned analgesia in the shocked rats. However, there was no difference in levels of pain responding between rats shocked under midazolam and rats shocked under saline, F(1, 21) < 1. Thus, consistent with our previous report (Harris & Westbrook, 1996) , midazolam failed to disrupt the acquisition of conditioned analgesia assayed using the formalin test. Importantly, injection of midazolam before shock had also failed to disrupt conditioned freezing in these rats. Rats shocked under the influence of midazolam appeared to display more freezing than rats shocked after injection of saline, although this difference was not statistically significant by a twotailed student t test, t(14) = 1.51, p =. 15. Freezing was not seen in any not shocked rats, indicating that formalin pain alone does not evoke freezing. Thus, in contrast to the results of Experiment 1, midazolam did not impair the acquisition of conditioned fear responses when rats were tested in the presence of ongoing pain produced by formalin. Experiment 1 demonstrated that systemic injection of midazolam shortly before conditioning with shock significantly interferes with the acquisition of conditioned freezing to the shock chamber. In contrast, no such effect of midazolam was seen in Experiment 2 when rats were tested while experiencing formalin-induced pain. Taken together, these findings suggest that ongoing noxious stimulation (upper panel) and freezing (lower panel) during the 2-min test for rats in Experiment 2 given an intraperitoneal injection of midazolam or saline before being conditioned with shock or exposed to the experimental chamber but not shocked. Thirty minutes before the 2-rain test, two groups of rats received an injection of 50 ~tl of dilute formalin (1.5%) into a hind paw.
reinstates conditioned fear in rats shocked under the influence of midazolam. However, because the experiments were run at different times, it is possible that the different results are due to incidental differences between the experiments. To confirm that an interaction between midazolam and formalin exists, it would be necessary to demonstrate, in a single experiment, both the midazolam-induced deficit in conditioned freezing among rats tested without formalin as well as the loss of this effect in rats tested with formalin. Accordingly, the present experiment was concerned with identifying whether formalin pain during test reverses the disruption of conditioned freezing otherwise produced by midazolam administered before conditioning. The experiment used a 2 × 2 factorial design, with rats given systemic injection of either midazolam or saline before conditioning with shock, and tested with or without ongoing noxious stimulation produced by injection of dilute formalin into a hind paw. The experiment was first run with 6 rats per group, and later replicated with a further 4 rats per group. As there were no differences between the original experiment and the replication, the results for the two were combined to increase statistical power.
Method
Subjects and materials. Forty male albino Wistar rats, obtained from the same source and housed in the same manner as in Experiment 1, were used. Rats were conditioned and tested in the experimental chambers described for Experiment 1. Solutions of midazolam and formalin were prepared as in Experiments 1 and 2.
Procedure. Rats were handled and familiarized with the apparatus as in Experiment 1. On conditioning day, rats were brought to the laboratory and injected intraperitoneally with either saline or 1.25 mg/kg of midazolam. Twenty minutes later, each rat was shocked in the experimental chamber as described for Experiment 1. Unlike in Experiments 1 and 2, rats in the present experiment were scored for freezing during the l-min period after shock. The following day, on arrival in the laboratory, two groups of rats were wrapped in a towel and injected subcutaneously with dilute formalin as in Experiment 2. During this time, the remaining two groups were briefly handled and then returned to their home boxes. Thirty minutes later, all rats were placed into the shock chamber for 2 min and scored for freezing.
Results and Discussion
The mean percentage of time rats in Experiment 3 spent freezing during the 1-min postshock period and the 2-min test the following day is presented in Figure 3 Figure 3 . Mean percentage of time spent freezing during the l-min postshock period and during the 2-min test period for rats in Experiment 3 given an intraperitoneal injection of midazolam or saline before being conditioned with shock. Thirty minutes before the 2-rain test, two groups of rats received an injection of 50 lal of dilute formalin (1.5%) into a hind paw. freezing in the postshock period than rats given saline, t(22) = 4.61, p < .01. In contrast, on test, the amount of freezing shown by rats given midazolam before conditioning was significantly lower than that displayed by rats given saline, F(1, 36) = 12.0, p < .01. There was no significant main effect for formalin-induced pain, in that there was no overall difference in levels of freezing between rats tested while experiencing formalin pain and rats tested without that pain, F(1, 36) = 2.46, p = .14. Importantly, there was a significant interaction between the effects of midazolam and formalin, F(1, 36) = 6.37, p < .05, indicating that the effect of midazolam was significantly reduced in rats given formalin before test. This interaction between midazolam and formalin was confirmed by post hoc analysis (Rodger, 1967) showing that midazolam did reduce freezing among rats tested without formalin, F(3, 40) = 17.9, p < .01, but not among rats tested with formalin, F(3, 40) < 1.
Experiment 4
Experiment 1 confirmed that systemic injection of midazolam interferes with the acquisition of conditioned fear in rats. Experiment 4 investigated whether this effect of midazolam results from the drug's action in the amygdala. The experiment was also designed to determine whether the effect of midazolam is a consequence of state-dependent learning, where learning that takes place under the influence of the drug cannot be generalized to a nondrugged state. Thus, four groups of rats (n = 8) were used: One group was given a microinjection of midazolam into the BLA before conditioning and received saline before test, another group was given a microinjection of saline before conditioning and midazolam before test, a third group was given microinjections of midazolam before both conditioning and test, and a fourth group received microinjections of saline before both conditioning and test. If the disruption of conditioned fear seen in rats shocked under midazolam is due to statedependent learning, then injection of the drug before test should return the rats to the conditioning state and thereby reinstate freezing.
Me~od Subjects and materials. The experiment used 32 male albino
Wistar rats (300-380 g), obtained from the same source as rats in Experiment 1. After undergoing surgery, through the course of the experiment, rats were housed individually in rack-mounted wire cages (24 x 15 x 19 cm: depth X width x height) kept in a colony room maintained on a natural light-dark cycle. Food and water were made continuously available. Rats were conditioned and tested in the same experimental chambers used in Experiment 1.
Drugs.
Midazolam was diluted with saline to a concentration of 2 mg/ml and the pH adjusted to 5.0. A saline solution with a pH of 5.0 was prepared for control injections. Both midazolam and saline were injected in a volume of 0.5 pl across a period of 1 min, and the injection cannula was left in place for a further 1 min to permit diffusion.
Surgery. Rats were handled for 3 days prior to surgery to receive a unilateral cannula aimed at the right BLA. Rats were injected with 1.0 ml/kg (100.0 mg/ml) of the anesthetic ketamine (Ketapex) and with 0.5 ml/kg (20.0 mg/ml) of the muscle relaxant xylazine (Rompun). Each rat also received a prophylactic intraperitoneal injection of 0.3 ml of penicillin (Benicillin: 150 mg/ml procaine penicillin, 150 mg/ml benzathine penicillin, 20 mg/ml procaine hydrochloride). After its head had been shaved, each rat was placed into the stereotaxic instrument, while maintaining the incisor bar at approximately 3.3 mm below horizontal zero to achieve a fiat skull position. A 22 gauge guide cannula (Plastics One, Roanoke, Virginia) was implanted into the right hemisphere of the brain. The tip of the guide cannula was positioned at 2.6 mm caudal to bregma, 4.8 mm lateral to the midline, and 1.6 mm ventral to the dura. During drug injection, the injection needle projected a further 6.0 mm ventral to the tip of the guide. Thus, the injection needle extended down into the BLA while the guide cannula stopped far short, thereby avoiding damage to the target structure caused by the larger guide cannula. The guide cannula was fixed in position with dental cement, anchored by three jeweller's screws. A dummy cannula (extending 2 mm beyond the guide) was kept in the guide at all times except during infusion.
Procedure. Rats were allowed at least 1 week to recover from surgery before commencing the experiment. All rats were then familiarized with the experimental chamber as in Experiment 1. On conditioning day, rats were given an intracranial infusion of either saline or 1 pg of midazolam (in 0.5 ~). Five minutes after the infusion, each rat was placed into the shock chamber and given a single shock, then scored for freezing during the 1-min postshock period. The following day, rats were brought to the laboratory, where they were given a microinjection of either midazolam (1 lag) or saline into the BLA 5 min before being placed in the shock chamber for 2 min and scored for freezing.
Histology. At the end of the experiment, rats were given an overdose of sodium pentobarbital and their brains removed. Unfixed brains were cut into 40 tam coronal sections using a cryostat, and the sections stained with cresyl violet to determine the location of the cannulas. The coordinates of the cannula placements were then identified at the microscope with reference to the atlas of Paxinos and Watson (1986) .
Results and Discussion
The tips of most injection cannulas were within the boundaries of the BLA (Paxinos & Watson, 1986) . Although occasional tips were located just outside the intended target, the data of these animals was not excluded from analysis because it was assumed that the volume of injectate should laave been sufficient to permit drug diffusion into the target structure. To illustrate the typical distribution of cannula placements, the locations of the cannula tips for rats microinjected with midazolam in Experiment 4 are depicted in Figure 4 .
The mean percentage of time rats in Experiment 3 spent freezing during the 1-min postshock period and during the 2-min test is presented in Figure 5 . First, there was no significant difference in level of freezing during the postshock period between the rats given midazolam before conditioning and the rats given saline, t(30) = 0.04, p = .97. This finding contrasts with that of Experiment 3, in which rats given intraperitoneal injection of midazolam before shock displayed more postshock freezing than rats injected with saline. Presumably, midazolam was acting in some structure other than the BLA to produce the increase in postshock freezing in Experiment 3. On test in Experiment 4, the three groups of rats given midazolam (either before conditioning, test, or both) froze significantly less than the group given saline before both conditioning and test, F(1, 28) = 6.42, p < .05. There were no significant differences between the rats given midazolam before both conditioning and test and the rats given midazolam before either conditioning or test, F(1, 28) = 1.24, p = 0.29, nor was there a difference between rats given midazolam before conditioning only and rats given midazolam before test only, F(1, 28) < 1. Therefore, injection of midazolam into the BLA at any stage, either before conditioning, before test, or before both conditioning and test, is effective at reducing conditioned freezing.
Experiment 5
Experiment 1 demonstrated that systemic midazolam interferes with the acquisition of conditioned fear, and Experiment 4 showed that this effect is mediated by the drug's action in the BLA. Experiments 2 and 3 revealed that the deficit in acquisition of conditioned fear produced by systemic midazolam can be reversed if rats are tested in the presence of ongoing noxious stimulation produced by injection of dilute formalin into a hind paw. Therefore, Experiment 5 investigated whether the deficit in acquisition of conditioned freezing produced by microinjection of midazolam into the BLA before conditioning is also reversed by formalin-induced pain on test. Like Experiment 3, the present experiment used a 2 × 2 factorial design (n = 6 per group), in which rats received a microinjection of either midazolam or saline before conditioning with shock and then were given an injection of dilute formalin into the right hind paw before test.
Me~od
Subjects and materials. The experiment used 24 male albino Wistar rats, obtained from the same source as rats in Experiment 1, and housed in the manner described for rats in Experiment 4. Rats were conditioned and shocked in the experimental chambers used in Experiment 1. A solution of midazolam like that described for Experiment 4 was prepared for intracranial microinjection, and rats were injected with a solution of dilute formalin as in Experiment 2.
Procedure. Rats underwent surgery for chronic implantation of unilateral cannulas aimed at the BLA as in Experiment 4. After a l-week recovery period, rats were familiarized with the experimental chamber. On conditioning day, rats were given a microinjection of either saline or 1 lag of midazolam (in 0.5 lad into the BLA 5 min before being placed into the shock chamber and shocked as in previous experiments. The following day, on arrival in the laboratory, two groups of rats were wrapped in a towel and injected subcutaneously with 50 lal of a 1.5% formalin solution as in Experiment 2, while the remaining two groups were handled and returned to their home cages. Thirty minutes later, each rat was placed into the shock chamber for 2 min and scored for freezing.
Results and Discussion
The histological examination revealed that the cannula tips of all rats were located in or near the BLA; thus, the results of each rat were included in the analysis. The mean percentage freezing during the l-rain postshock period and the 2-rain test the following day for rats in Experiment 5 are presented in Figure 6 . There were no significant differences in levels of freezing during the postshock period between rats given midazolam and rats given saline, t(22) = 1.09, p = .29, thus confirming the results of Experiment 4. On test, there was no significant main effect for midazolam versus saline, F(1, 20) = 1.78, p = .20, but there was a significant main effect for formalin, F(1, 20) = 8.1, p = .01. Importantly, there was a significant interaction between midazolam and formalin F(1, 20) = 4.8, p < .05, indicating that the formalin pain on test reversed the decrease in conditioned freezing produced by midazolam before conditioning. This effect was confirmed by post hoc analysis (Rodger, 1967) showing that midazolam significantly reduced conditioned freezing among rats tested without formalin, F(3, 21) = 6.2, p < .05, but not among rats tested with formalin, F(3, 20) < 1. Thus, as in Experiment 2, the presence of formalin-induced pain during test completely reinstated freezing in rats injected with midazolam into the BLA before conditioning. without with formalin formalin Figure 6 . Mean percentage of time spent freezing during the 1-min postshock period and during the 2-min test session for rats in Experiment 5 given a microinjection of midazolam or saline into the basolateral amygdala 5 min before being conditioned with shock. Thirty minutes before test the following day, two groups of rats were injected with dilute formalin into a hind paw.
General Discussion
The present experiments confirm that midazolam interferes with the acquisition of conditioned fear. Systemic injection of midazolam before conditioning with shock reduced the level of freezing displayed by rats tested in the shock chamber the following day (Experiment 1). Freezing was also reduced by microinjection of midazolam directly into the BLA before conditioning (Experiment 4), a finding consistent with previous reports that this structure mediates the amnestic effects of benzodiazepines. Further, injection of midazolam into the BLA before test interfered with the expression of conditioned freezing, just as midazolam injection before training had interfered with the acquisition of that response. This observation is consistent with the argument that the amnestic effects of benzodiazepines are linked to their anxiolytic effects. The deficit in conditioned freezing was also seen in rats injected with midazolam into the BLA before both conditioning and test, indicating that the effect of midazolam in reducing either the acquisition or expression of conditioned freezing was not due to statedependent learning or an equivalent drug-induced generalization decrement.
The present experiments also identified circumstances under which there was no apparent effect of midazolam on the acquisition of conditioned fear. Specifically, consistent with our previous report (Harris & Westbrook, 1996) , midazolam did not impair the acquisition of conditioned analgesia assayed using the formalin test (Experiment 2). Moreover, among these rats tested while experiencing formalin-induced pain, there was no longer evidence that midazolam had disrupted acquisition of conditioned freezing. Subsequent experiments confirmed that testing rats in the presence of formalin-induced pain served to reinstate conditioned freezing among rats that had been injected with midazolarn either systemically or into the BLA before conditioning (Experiments 3 and 5). Finally, midazotam injected intraperitoneally or into the BLA before conditioning with shock did not reduce freezing during the 1 min postshock period (Experiments 3, 4, and 5).
The disruption of fear conditioning by midazolam may reflect a deficit in processing the context or the shock, or a deficit in formation of associative links between the context and shock. Contemporary theories of fear conditioning hold that sensory information about CSs (e.g., a context) and USs (e.g., a shock) converge in the BLA to permit associatively mediated activation of defensive systems (LeDoux, 1992 (LeDoux, , 1995 . Thus, midazolam could interfere with conditioning processes by increasing GABAergic inhibition in the BLA. However, this simple account of midazolam's effect on conditioning cannot explain the reinstatement of conditioned freezing by formalin. Rats that were shocked under midazolam and given formalin before test showed levels of freezing equivalent to those displayed by rats conditioned without midazolam. This effect of formalin was selective for those rats conditioned with shock while under the influence of midazolam; formalin pain did not elicit freezing in rats that had not been conditioned with shock, and formalin pain did not alter levels of freezing in rats conditioned without midazolam. Thus, the reinstatement of conditioned freezing by formalin indicates that midazolarn had not actually prevented the rats from learning to fear the conditioning chamber.
The current findings are consistent with our previous proposal that midazolam interferes with associative processes in such a way as to produce a form of retrieval deficit (Harris & Westbrook, 1996) . According to this proposal, rats conditioned under midazolam do learn the context-shock association, but are rendered incapable of later retrieving that learning, thus failing to show fear of the conditioning chamber. However, noxious stimulation, such as that produced by formalin, acts as a "reminder cue" to assist in retrieval of the context-shock association and thereby reinstate expression of conditioned fear. The notion of a retrieval deficit implies that midazolam had caused a generalization decrement, where information learned in one context (either external environment or internal state) cannot be retrieved when the animal is tested in a different context. Experiment 4 demonstrated that the effects of midazolam on acquisition of conditioned fear are not due to a generalization decrement related to a drug-induced state. However, the proposed retrieval deficit induced by midazolam may be a consequence of a generalization decrement that is related to emotional or motivational states. For example, it may be necessary for an aversive motivational state to be aroused on test in order for the rat to retrieve the memory of shock and thus to display defensive responses like freezing and analgesia. According to this account, an aversive state is not aroused on test in rats conditioned under midazolam, but such a state is aroused if rats are tested in the presence of ongoing noxious stimulation, such as that produced by the injection of formalin. This account thus assumes that conditioning of an aversive motivational state is an important part of the fear conditioning, and that midazolam specifically disrupts that process.
An alternative way to consider the present findings is in terms of a drug-induced performance deficit. Fear conditioning can be viewed as a sensitization of defensive responses (Davis, 1992) or as depending on conditioning of an aversive motivational system that strongly modulates performance of defensive responses (Konorski, 1967; Wagner & Brandon, 1989) . These views are based on various demonstrations that performance of specific defensive responses, such as startle, is modulated by arousal of an aversive motivational state (e.g., Brandon, Bombace, Falls, & Wagner, 1991; Brown, KNish, & Farber, 1951; Davis, 1986) . According to this view, in the present experiments, formalin pain may have potentiated freezing by arousing an aversive motivational state. However, it is important to recognize that formalin did not increase freezing in rats conditioned with saline nor did it produce freezing in nonconditioned rats. Rather, formalin only increased freezing in rats that had been conditioned under midazolam, rats that otherwise would have been showing a freezing deficit. This suggests that midazolam interferes with the acquisition of conditioned freezing by preventing conditioning of the aversive motivational system, and that formalin reverses the effects of midazolam by directly engaging that motivational system.
Finally, in the current experiments we consistently observed that freezing during the postshock period was never reduced by midazolam, injected either systemically (intraperitoneally) or directly into the BLA. This finding is quite unexpected because there is good evidence that postshock freezing is a conditioned response to environmental cues, and not an unconditioned response to shock (Fanselow, 1986 (Fanselow, , 1990 Kiernan & Westbrook, 1993) . Given the present demonstrations that midazolam reduces both the acquisition and expression of conditioned freezing, there are dual reasons for expecting postshock freezing to be reduced by midazolam. This, combined with the evidence that formalin reverses the disruption of conditioned fear in rats shocked under midazolam, may be taken as evidence that midazotam does not block arousal of fear directly, but rather the drug interferes with the storage of fear memories such that those memories can only be retrieved if a noxious stimulus (either the shock itself or formalin-induced pain) is present at the time of testing. However, as is evident from each of these experiments, levels of freezing were generally much lower during the postshock period than on test the following day, suggesting that freezing had not yet reached asymptote during the postshock period (Rudy & Morledge, 1994) . Thus, this may be a relevant factor in accounting for the failure to detect an effect of midazolam on postshock freezing. For example, Fanselow (1986) has argued that postshock freezing is disrupted by the unconditioned activity burst produced by shock. Thus, the failure to see an effect of midazolam on postshock freezing may be due to a disruption of this unconditioned reaction to shock by midazolam.
